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Abstract 
Food allergy prevalence has been rising in recent years and it is estimated that 5-10% of children 
have been afflicted with a food allergy or food sensitization worldwide.1,2,3 Food allergy prevalence is 
highest among infants and young children and symptoms are most apparent during this period of life.2, 
3,4,5 Emerging research and rising food allergy prevalence resulted in updates to certain food allergen 
recommendations. This comprehensive literature review aims to explore the role that maternal and 
infant feeding practices play in food allergy development in children. The PubMed and ScienceDirect 
databases were used to identify studies focusing on maternal diet and dietary patterns, breastfeeding, 
breast milk composition, timing of allergen introduction, and allergenic food diversity. Though many 
studies on food allergens have been conducted in recent years, the strongest available evidence pertains 
to peanut and egg allergies, due to the use of randomized controlled trials (RCTs). Future research 
should explore other common allergens and feeding practices, in hopes of discovering protective 
windows of exposure.  
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Introduction 
When an immune-mediated response occurs upon exposure to a food, this is categorized as a 
food allergy.3 The development of food allergies can be linked with factors such as genetic disposition6, 
presence of another allergic condition7, the microbiome8, and various maternal and infant feeding 
practices.9,10 However, studies provide contradictory results on the degree of protection infant feeding 
practices provide. Thus, in recent years only certain food allergen recommendations have been updated. 
Many cohort studies, case-control studies, and randomized controlled trials (RCTs) have been conducted 
around the world to study different feeding practices and exposures during pregnancy and infancy that 
may be linked with the emergence of food allergies in children. The purpose of this review is to study 
the impact of various maternal and infant feeding practices that occur during pregnancy, lactation, and 
the complementary feeding period on subsequent food allergy development in the child. Maternal 
feeding factors include prenatal dietary patterns and diet during lactation. Whereas, infant feeding 
focuses on breastfeeding, breast milk composition, timing of allergen introduction, and the diversity of 
food allergens consumed. International observational and experimental studies are included in this 
review.  
Food Allergy Background Information 
Definitions:  
A food allergy is defined as an “abnormal immunologic reaction to a food that results in the 
development of symptoms on exposure to that food.”3(p1) Food allergies can be separated into two 
categories depending on the body’s immune system response to the exposure of food proteins.11 When 
immunoglobulin IgE is produced, this results in a IgE-mediated response, whereas if IgE is not present, a 
non-IgE-mediated reaction may occur.11 IgE mediated reactions occur quickly upon exposure and they 
can involve the skin, cardiovascular, digestive, and respiratory systems.12 Allergic symptoms may vary 
and they may affect all body systems.13 Acute symptoms such as hives, diarrhea, wheezing, and throat 
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tightness can range from mild to severe.13 When a severe whole-body reaction occurs, it is called 
anaphylaxis, and it requires immediate medical attention since it can be life threatening.13 Non IgE-
mediated reactions are linked with a slower, chronic response, however they affect the same 
systems.3,12 
Sensitization is defined as “the presence of IgE directed against a specific antigen.”3(p1) Food 
sensitization is determined based on the use of a skin prick test to ascertain if IgE is present and whether 
these antibodies are targeting a particular food antigen.3 However, not all individuals that have a 
confirmed food sensitization experience a reaction when exposed to that food.3   
Food Allergy Prevalence:  
The most recent available National Health Interview Survey (NHIS) data report that food 
allergies affect 6.5% of children (0-17 years old) in the United States.4 Others estimate that food allergies 
and food sensitization affect about 5-10% of young children.3 In the past three decades, food allergies 
have been significantly rising. Between the time frames 1997-1999 and 2009-2011, child allergies (0 to 
17 years old) rose from 3.4% to 5.1% in the United States.1  
Although it is difficult to determine worldwide food allergy prevalence among children, due to 
different food allergy measures and reporting methods, various developed and developing countries 
report a 1-10% prevalence of food allergies.2 Therefore, it is believed that worldwide food allergy 
prevalence falls within this range.14 Some researchers estimate that food allergies affect 8% of 
children.15 In addition, many other countries have also reported a recent rise in food allergy prevalence, 
however these findings are not always based on evidence that has been published.2  
Though adults also experience food allergies, food allergy symptoms are most common during 
infancy and childhood.5  Food allergy prevalence is highest among one year old children, with about 6–
8% of infants affected.16,17,18,19,20,21,22,23,24 Luckily, as children age food allergy prevalence falls and 
stabilizes, thus only about 3–4% of older children have a food allergy.18,19,21,25 
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There are many theories that try to explain the increase in food allergy prevalence. Some of 
these include the dual-allergen hypothesis26, the hygiene hypothesis27, vitamin D deficiency, and timing 
and mode of allergen exposure.28 Though there are many factors that play a role in food allergy 
development, the mechanisms are not fully understood.  
Epidemiology: 
According to the American Academy of Pediatrics (AAP), 90% of allergies in children are caused 
by six allergens.29 These include cow’s milk, peanuts, tree nuts, eggs, wheat, and soy.29 Some children 
will grow out of their allergy, while others will have to learn how to manage it throughout their life.5 In 
addition, children that have a food allergy are “two to four” times more likely to experience another 
allergic condition, such as asthma.7(p1) Since there is no cure for food allergies, they must be managed by 
methods such as food avoidance or diet modifications.30 To diagnose a food allergy, a blood test, skin 
prick test, elimination diet, or oral food challenge can be conducted.31  
Risk Factors: 
Food allergies are complex and involve many genetic and environmental factors. When infants 
have at least one parent or sibling who has an allergic disease such as atopic dermatitis, a food allergy, 
or asthma, or if they themselves have one of these allergic diseases, they are considered high risk for 
developing a food allergy.6 Risk is also impacted by ethnicity.1 In the United States, Hispanic children are 
less likely to have a food allergy (3.6%) than non-Hispanic white (over 5%) and non-Hispanic black 
children (over 5%).1 Thus, there may a hereditary disposition to developing food allergies.32 Some small 
scale studies have also found some links between food allergies and specific genes such as the filaggrin 
gene9,33 and the STAT6 gene.32,34,35,36  
Certain environmental factors have also been suggested as having an impact on food allergy 
development.15 This includes feeding practices such as maternal diet, breastfeeding, timing of allergen 
introduction, formula-feeding, antibiotics exposure, vitamin D and pro/pre-biotics supplementation, the 
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route of exposure for the potential allergen, and food diversity during infancy.9,10  New research has also 
considered the link between food allergies and the microbiome.8 Studies have proposed that the 
microbial diversity and genera play a role in allergy development.37 Colonization or infection with the 
bacterium Clostridium difficile (CDCI) may be responsible for reduced microbiome diversity and less 
protection against food allergy development.38,39 Specifically, certain bacteria such as Bifidobacterium 
spp, Lactobacillus spp, and Clostridium spp are believed to be beneficial in protecting infants from 
developing allergies and the abundance of these bacteria may be impacted by breastfeeding, formula 
feeding, solid food introduction, and maternal diet.40 There are other factors related to the microbiome 
and food allergy development, such as mode of delivery, order of birth, living in a rural or urban area, 
use of antibiotics, and the presence of pets in the home, among others, but they are outside of the 
scope of this review.41 Researchers have also found that certain protective bacterial genera are 
underrepresented in food sensitized (Haemophilus, Dialister, Dorea, and Clostridium) and food allergic 
infants (Citrobacter, Oscillospira, Lactococcus, and Dorea).42 The presence of the bacterial genera Dorea 
in both groups, indicates that it may protect against food allergy development.42  
Feeding Recommendations 
Breastfeeding & Infant Feeding Recommendations: 
In order to understand allergen recommendations, it is important to consider recommended 
breastfeeding and infant feeding practices. The AAP and the World Health Organization (WHO) 
recommend that infants be exclusively breastfed for the first six months of life.43,44 As infants grow and 
double their weight, they need additional caloric intake in the form of a denser variety of foods and 
nutrients.45 Thus, it is recommended that infants are introduced to complementary foods, also known as 
solid foods, when they are about six months old.43 However, breastfeeding should continue at least until 
the infant is one-year-old, according to the AAP43, or at least until the infant is two-years-old, according 
to the WHO.46 When infants are introduced to solid foods for the first time, this is known as 
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complementary feeding.46 The complementary feeding stage begins at six months and lasts until an 
infant is 24 months old.46 During this time, caregivers are encouraged to expose the infant to a variety of 
foods and textures based on their developmental readiness.46 
The Evolution of Allergen Feeding Recommendations: 
 Exclusive breastfeeding and complementary food introduction recommendations have changed 
dramatically over the past sixty years. In 1958, it was recommended that infants receive solid foods at 
three months of age.47 As more nutrition knowledge was gained, the recommendation was pushed back 
to after four months in the 1970s.47 Finally, in the 1990s it was recommended that solid foods be first 
introduced around six months of age, similar to current AAP and WHO recommendations.47 
Before more recent observational and experimental studies were conducted, food allergen 
recommendations were very different from what they are today. Complementary feeding was 
encouraged to begin when infants were six months old, which is similar to current general 
recommendations.48 But, as late as 2006, the American College of Allergy, Asthma and Immunology 
recommended that dairy products be avoided until the infant was one-year-old, hen’s egg was not to be 
offered until the infant was two-years-old, and fish, seafood, tree nuts, and peanuts were not to be fed 
to children until they were three-years-old.48 In 2000, it was also recommended that mothers avoid 
allergenic foods such as tree nuts, fish, eggs, peanuts, and cow’s milk if they were breastfeeding.49 
Similar recommendations existed in European countries.50 
Despite these recommendations, allergy levels continued to rise around the world in many 
“Western” countries.51 As a result, more food allergy studies were conducted and feeding 
recommendations were updated. Various countries have established their own set of maternal and 
infant feeding guidelines in hopes of reducing the prevalence of food allergies. Table 1 provides an 
overview of the current food allergen recommendations from around the world. Due to these changing 
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allergen recommendations, this review aimed to present various maternal and infant feeding practices 
and their association with food allergy in children given recent findings. 
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Table 1. Worldwide Food Allergen Recommendations 
Region Recommendation 
Committee 
Maternal and Infant Recommendations 
Asia Asia Pacific 
Association of 
Pediatric Allergy, 
Respirology & 
Immunology 
(APAPARI) 
 Feeding recommendations should be dependent on the health of the infant.52 
 Infants who are healthy should be exclusively breastfeed until 6 months and then introduced to 
complementary foods.52 
 Breastfeeding should continue until the infant is at least 2 years old in accordance with WHO 
guidelines.52,53  
 The introduction of allergenic foods should not be delayed for infants who are at risk of developing a 
food allergy and infants who are at high risk and have severe eczema.52 
 Appropriate allergen testing should be conducted, such as skin prick tests and oral food challenges, to 
pinpoint any allergies.52 
Australasia Australasian Society 
of Clinical 
Immunology and 
Allergy 
 A variety of solid foods should be introduced to infants once they are at least 4 to 6 months old.54 
 Solid foods should not be delayed beyond 12 months, especially allergens such as peanuts and eggs, 
no matter the infant’s allergy risk.54 
Canada Canadian Society of 
Allergy and Clinical 
Immunology and the 
Canadian Paediatric 
Society 
 Mothers should not restrict themselves from consuming allergens during pregnancy and 
breastfeeding.55 
 Infants should be exclusively breastfed for the first six months of life.55 
 Once infants are six months old, they should be introduced to solid foods, including allergens, 
however this should not be delayed any later.55 
 Solid foods that have a mashed consistency should be offered to infants routinely to maintain 
tolerance.55 
Europe European Society 
for Paediatric 
Gastroenterology, 
Hepatology, and 
Nutrition 
(ESPGHAN) 
Committee on 
Nutrition 
 Infants are developmentally ready to receive complementary foods when they are 4 to 6 months old, 
however breastfeeding should be continued alongside solid food introduction.56 
 Low and high risk infants should be introduced to food allergens when they are ready for 
complementary foods after 4 months of age. However, food allergens should not be introduced any 
earlier.56 
 Infants who are at high risk or have other atopic disease should be introduced to peanuts between 4 
to 11 months old.56 
 Other foods such as gluten, should be introduced in low quantities between 4 to 12 months of age.56 
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United States American Academy 
of Pediatrics 
 Maternal dietary restrictions during pregnancy and lactation are not recommended.57 
 Insufficient evidence on whether the duration of breastfeeding plays a role in postponing or 
preventing food allergies in children.57 
 No evidence exists on the short or long-term benefits of breastfeeding longer than 3 to 4 months as a 
means to prevent atopic diseases.57 
 Due to the LEAP trial58 findings, peanuts should be introduced between 4 to 6 months of age for 
infants who are considered at high risk for food allergy.57,59 
 For infants who are at low risk, peanuts can be introduced after six months once exclusive 
breastfeeding has commenced.57 
 Not clear whether the same recommendations can be made for other foods such as eggs.57 
 No evidence that delaying food allergen introduction beyond 4 to 6 months can stop the development 
of atopic diseases, such as food allergies.57 
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Methods 
Search Methods: 
The literature review was conducted in May, June, and July 2019 using the PubMed database to 
locate peer-reviewed articles and studies. Additional articles were found in the ScienceDirect database. 
The search terms used include: infant, feeding, diet, nutrition, breastfeeding, food allergy, microbiome, 
maternal diet, complementary foods, timing of introduction, breast milk composition, vitamin D, 
mother’s milk, and human milk. These keywords were used in a variety of combinations. A UNC Chapel 
Hill librarian also assisted in creating the following search thread: (Infant*[ti] OR baby[ti] OR babies[ti] 
OR newborn*[ti]) AND (feed*[ti] OR diet[ti] OR diets[ti] OR dietary[ti] OR nutrit*[ti] OR food[ti] OR 
breastfeed*[ti]) AND allerg*[ti].  
Inclusion Criteria: 
Articles were included based on certain eligibility criteria. Included articles had to 1) Focus on 
maternal diet or infant feeding practices, 2) Study the outcome of food allergies in the child, and 3) Be 
published in English in 2017 or later. Since food allergy recommendations have undergone some recent 
revisions, this small date range was selected to capture the most relevant studies. This review includes 
the most recently published systematic review or meta-analysis, that capture relevant studies outside of 
the 2017 window, for each maternal and infant feeding practice presented. Therefore, though the 
inclusion date range is small, this review aims to portray the breadth of knowledge that is available on 
each factor presented.  
Maternal feeding practices encompass prenatal dietary patterns and diet during lactation. 
Whereas, infant feeding practices include breastfeeding, breast milk composition, timing of allergen 
introduction, and exposure to diverse allergens. Study participants included pregnant and breastfeeding 
mothers, infants, and children. The feeding exposure had to occur during pregnancy, lactation, or the 
complementary feeding period. While, food allergy onset had to occur during infancy (birth to 24 
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months) or childhood (2–13 years old). However, some systematic reviews included participants up 
through adulthood. Last, since allergen sensitization can act as a precursor to food allergies, studies that 
focused on food sensitization as the outcome were included in this review. 
Exclusion Criteria: 
Screened articles that did not meet the literature review search criteria were excluded. Articles 
were excluded if they 1) Focused on preterm birth or low birth weight children, 2) Studied a different 
allergic disease such as asthma, dermatitis, or eczema, 3) Were a pilot study or study protocol, since 
those studies did not offer results, or 4) Focused on formula-feeding or non-feeding practices. Individual 
RCTs that were captured by meta-analyses are not included in this review, instead the meta-analysis 
findings are presented.  
Studies Selected: 
 A total of 608 publications were exported into Covidence and screened. Fifty-one duplicates had 
to be removed. The remaining 557 articles were screened and 497 were excluded due to being 
published before 2017, having the wrong study design, age range, exposure, or other allergic outcome. 
The full text of the remaining 60 publications was reviewed. Upon further examination, 43 articles 
studied the wrong exposure or allergic outcome, were published before 2017, or did not have the 
appropriate study design, thus they were excluded. Finally, 17 studies were selected and extracted. The 
number of studies retrieved and selected can be viewed in Figure 1. Each article was reviewed to 
identify the appropriate exposure age group (birth to two-years-old), exposure (infant and maternal 
feeding), and outcome (food allergy development in the child). Prospective cohort studies, case-control 
studies, systematic reviews, meta-analyses, and randomized-controlled trials are included in this review. 
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Figure 1. Search Results 
 
Results 
Various studies seek to understand the role that maternal factors and infant feeding practices 
play in food allergy development, since they can provide insight into immune development and the 
formation of sensitization and allergies. A full list of studies included in this literature review can be 
found in Table 2. The results are organized into maternal factors (diet and dietary patterns) and infant 
feeding practices (breastfeeding, breast milk composition, timing of allergen food introduction, and 
allergenic food diversity). Results from the most recent systematic review and/or meta-analysis on each 
maternal and infant factor are presented, as well as supporting and opposing data found in additional 
studies that met the inclusion criteria and were not captured by those reviews.  
Maternal Factors 
Prenatal Dietary Patterns and Diet During Lactation:  
Maternal diet may impact what nutrients an infant is exposed to60, thus two prospective cohort 
studies, one nested prospective cohort study, and one systematic review and meta-analysis evaluated 
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the impact of prenatal dietary patterns and diet during lactation. However, due to the observational 
design of most of the studies and varying sample sizes, results should be reviewed with caution.  
Two prospective cohort studies, one of which was published after60 the systematic review / 
meta-analysis, questioned whether maternal prenatal dietary patterns impact food allergy development 
in the child. In a Korean prospective birth cohort of 1,628 mother and infant pairs, Kim et al.60 found that 
infants of mothers who consumed a high trans-fat confectionary diet consisting of bread and sweets 
during pregnancy had 1.52 times the odds of developing an infant food allergy at one-year-old 
compared with infants whose mothers consumed a traditional, meat, processed, or coffee and milk diet 
(CI: 1.02–2.15; p-value: 0.019). In addition, infants who were breastfed for more than six months by 
mothers who consumed a confectionary diet during pregnancy had 1.79 times the odds of developing a 
food allergy compared with infants who were breastfed for less than six months (CI: 1.05–3.05; p-value: 
0.031).60 Suggesting that the longer breastfeeding duration exposed the child to the high-trans diet for 
longer, which is believed to play a role in inflammation and can worsen chronic conditions.61,62 However, 
the interaction between breastfeeding duration and maternal diet was not statistically significant (p-
value: 0.374).60 It is important to note that dietary patterns were assessed at 26 weeks of pregnancy, 
therefore dietary changes could have taken place in the third trimester that would not have been 
captured.60 Last, infants who had CD14 genetic variants, particularly the TT genotype, were at a higher 
risk of developing a food allergy if their mother consumed a confectionary diet during pregnancy (OR: 
3.42; CI: 1.61–7.27; p-value: 0.001; p-value of interaction: 0.015).60 This risk was also higher if the 
mother ate a confectionary diet during pregnancy for infants with more than one GSTM1 or GSTT1 
genetic variant ((OR: 4.24; CI: 1.43–12.56; p-value: 0.01; p-value of interaction: 0.048) and (OR: 4.26; CI: 
1.55–11.73; p-value: 0.01; p-value of interaction: 0.033), respectively).60 Thus, diet during pregnancy can 
increase inflammation in the infant, impact gene sequencing, and play a role in food allergy 
development, however it is important to consider the wide confidence intervals.60  
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Within another Singaporean prospective birth cohort of 1,237 mothers, three dietary patterns 
were identified: the “pasta, cheese, and processed meat (PCP)” diet, the “vegetable, fruit and white rice 
(VFR)” diet, and the “seafood and noodles (SfN)” diet.63 Among these dietary patterns, Loo et al.63 found 
that infants of mothers who consumed a “seafood and noodles” diet during pregnancy had 0.7 times the 
odds of developing food sensitization to peanuts, cow’s milk, and eggs at 18 months and 36 months of 
age, compared with infants of mothers who did not consume such as diet ((CI: 0.5–0.9) & (CI: 0.6–0.9), 
respectively). This protective effect was only seen among this one dietary pattern.63 This diet may be 
protective due to the presence of fatty acids, pulses, and legumes, which have been found to be 
protective against food allergy development in other studies.64,65 Since food sensitization may lead to a 
food allergy, the smaller odds suggest that maternal diet may have a protective effect on whether 
infants are susceptible to developing food allergies.63 Though, dietary recall may have impacted this 
association.63  
On the other hand, in a recent systematic review, Garcia-Larsen et al.66 did not find any link 
between maternal and infant dietary patterns and food allergies or allergic sensitization when assessing 
upper middle and higher income countries. However, it is not clear which dietary patterns were 
explored, therefore further studies may help pinpoint any protective diets. 
Other researchers have looked at maternal allergen consumption during lactation. In a nested 
prospective cohort study of 324 high-risk Canadian families, Pitt et al.67 found that a combination of 
maternal consumption of peanuts during lactation and introducing peanuts into the infants diet before 
12 months of age was most protective against peanut sensitization of the child by age seven (Ref OR: 
1.0). Within this group, peanut sensitization was only 1.7%, compared with 5.6% (mother did not 
consume peanuts while breastfeeding and infants did not consume peanuts before 12 months), 15.1% 
(mother consumed peanuts while breastfeeding, but the infant did not receive infants before 12 
months), and 17.6% (mothers did not eat peanuts while breastfeeding, but the infants did receive 
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peanuts in the first 12 months of life) in the other groups.67 However, these percentages may have been 
impacted by the varying sample sizes in each group. Surprisingly, when maternal peanut consumption 
during breastfeeding or infant peanut introduction prior to 12 months was practiced solely they posed a 
greater peanut sensitization risk, but when combined they were protective ((OR: 8.2; CI: 1.0–65.8) & 
(OR: 12.5; CI: 1.2–131.3), respectively).67 This relationship highlights that both the maternal and infant 
diet impact food sensitization within a high-risk sample, however, these results should be interpreted 
with caution due to the very wide confidence intervals.67  
The protective impact of maternal allergen consumption is confirmed in a recently published 
systematic review by Garcia-Larsen et al.66 The authors found that avoiding food allergens during 
pregnancy and breastfeeding does not decrease the risk of allergic disease such as food allergies.66 
Other prenatal and lactation dietary practices that were found to be protective against child food 
sensitization include fish oil supplements or “omega-3 polyunsaturated fatty acid supplementation”  
(egg and peanut sensitization) based on moderate evidence ((RR: 0.69; CI: 0.53–0.90) from six studies & 
(RR: 0.62; CI: 0.40–0.96) from two studies, respectively), and probiotic supplementation (cow’s milk 
sensitization) based on weak evidence (RR: 0.60; CI: 0.37–0.96) from 97 RCTS of which eight were 
included in the meta-analysis).66(p13) The certainty of evidence for these findings was based on the 
GRADE assessment. It is also important to note that many included studies utilized high-risk samples, 
which reduces the generalizability of the findings to a larger, general population.66  
Altogether, the individual studies and systematic review66 suggest that prenatal dietary patterns 
and maternal diet during lactation influence food allergies and sensitization in children, perhaps by 
impacting the nutrients available in breast milk60 and playing a role in the development of the infant’s 
microbiome.68,69,70  However, it is difficult to compare results across such different maternal dietary 
exposures and there is a heavy reliance on observational studies that cannot control for confounding 
factors. 
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Infant Factors 
Breastfeeding: 
Breastfeeding duration and exclusivity can influence when an infant is introduced to solid foods 
and allergens for the first time, impacting food allergy development.71,26 Due to its possible immune-
regulating properties72, two case-control studies, one prospective cohort study, one retrospective 
cohort study, and one systematic review looked at the relationship between ever-breastfeeding, 
breastfeeding duration, breastfeeding exclusivity, and food allergy development in children. However, 
the quality of the findings is reduced by the observational study design, varying sample sizes, and wide 
confidence intervals.  
Two case-control studies reported a higher likelihood of allergies and sensitization with longer 
periods of exclusive and non-exclusive breastfeeding. A case-control study in Kuwait evaluated whether 
early feeding practices, such as breastfeeding, influenced food allergies in 200 children.71 Alkazemi et 
al.71 found that infants who were exclusively breastfed for more than six months had 15.55 times the 
odds of having a food allergy compared with infants who were not exclusively breastfed for this length 
of time (CI: 3.26–74.19; p-value = 0.001). Though this result may not be very reliable due to the wide 
confidence interval, this finding supports the recommended introduction of allergens at 4-6 months.57  
In a case-control study of 97 matched high-risk Mexican children, Bedolla-Barajas et al.73 also 
found that longer breastfeeding duration impacted food sensitization. High-risk infants who were 
breastfeed for six or more months had 5.54 times the odds of having a chicken’s egg protein 
sensitization compared with infants who were breastfeed for less than six months (CI: 2.41–12.7; p-
value < 0.0001).73 However, infants who were introduced to whole cow’s milk at six months or later had 
0.16 times the odds of being sensitized to eggs compared with infants who were offered whole cow’s 
milk before six months of age (CI: 0.07–0.36; p-value < 0.0001).73 These findings seem contradictory, 
however the data may be skewed since most infants were only exclusively breastfeed for about three 
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months73, thus it is difficult to assess the impact of longer exclusivity. But, the authors did not find a 
statistically significant relationship between age at complementary food introduction (< 4 months vs. > 4 
months) and egg sensitization (OR: 7.68; CI: 0.85–69.19: p-value = 0.07).73 These findings demonstrate 
that immune reactions are complex and many factors impact food allergies and food sensitization. 
Feeding practices such as breastfeeding and timing of allergen introduction each may play a different, 
yet important role. However, it is difficult to determine whether these feeding practices play a 
protective role, due to the observational design of the study.  
Another retrospective cohort study found that longer breastfeeding was protective against food 
allergies. A retrospective cohort of 649 high-risk children from The Netherlands studied the effect of 
breastfeeding duration on food sensitivities and allergies such as peanut, cashew nut, hazelnut, hen’s 
egg, and cow’s milk.74 Van Ginkel at al.74 found that among infants who were ever-breastfed (n=492), 
infants who were breastfed for an additional month had 0.96 times the odds of having a food allergy (CI: 
0.93–0.99; p-value = 0.02). These findings included infants who were partially and exclusively breastfed, 
which could have impacted the results.74 Each additional month of breastfeeding was equal to a 
decreased risk of food allergy by about 4%.74 This association was not true when looking at 
breastfeeding duration and food sensitization, (OR: 1.02; CI: 0.97–1.07; p-value = 0.49).74 However, a 
longer duration of breastfeeding was found to be protective only for hen’s egg, thus the protection may 
be specific for certain food allergens among a high-risk population (OR: 0.91; CI: 0.83–0.99; p-value = 
0.03).74  
On the other hand, in a prospective population-based cohort from The Netherlands of 5828 
children, Elbert et al.72 reported that breastfeeding duration (<2 months, 2–4 months, 4–6 months, 6 or 
more months), exclusivity (exclusive for 4 months vs. non-exclusive for 4 months), or ever breastfeeding 
(never vs. ever breastfed) was not associated with physician-reported allergy and allergic sensitization in 
children at 10 years old. All findings had wide confidence intervals and included the null value of 1.72  
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Similarly, in a recently published systematic review of countries listed as high or very high on the 
2014 Human Development Index75, Güngör et al.76(p796S) concluded that there was no evidence to suggest 
that there is a relationship between the amount of human milk fed to “mixed-fed infants” (infants who 
received breast milk and other foods e.g., formula) and food allergies, as well as no evidence to show a 
relationship between the amount of human milk fed, whether from the breast or bottle, and food 
allergies. Similarly, there was not enough evidence to determine whether ever receiving breast milk 
versus never receiving breast milk and breastfeeding duration is related to food allergy development 
throughout the life.76 Last, there was a lack of evidence to determine if the duration of breastfeeding 
exclusivity is related to food allergy development during one’s life.76 However, since food allergies are 
most common during childhood,3 this larger window of food allergy onset may have diluted the 
association between early life breastfeeding and food allergies. Additionally, some studies included high-
risk samples, thus any of those findings would only be applicable to a high-risk population.  
Some observational studies provide evidence that prolonged breastfeeding duration increases 
the risk of food allergy or sensitization for some allergens, however since breastfeeding duration and 
exclusivity are not always analyzed separately, it is difficult to reach a conclusion. This lack of conclusive 
evidence is confirmed by a recently published systematic review.76 Future studies examining these 
factors should conduct sub-analyses of exclusively breastfed infants that compare any breastfeeding 
duration and the length of exclusivity. 
Breast Milk Composition: 
 Maternal breast milk composition may have implications for microbiome development in infants 
which could impact immune response.40 Although a systematic review or meta-analysis has not been 
conducted, one sub-cohort prospective study and one prospective cohort study have explored breast 
milk composition. The limited number of available studies and small sample sizes reduce the strength of 
evidence on this topic.  
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Within a sub-cohort of randomly selected mother and child pairs and additional food allergy 
cases (n = 318) from the EDEN prospective birth cohort, Berdi et al.77 found that larger amounts of 
CXCL10, IL-2, and TNFβ in early breast milk were associated with parental reported physician-diagnosed 
food allergy in children within the first five years of life ((HR: 1.02; CI: 1.01–1.04; p-value = 0.0001), (HR: 
1.06; CI: 1.03–1.09; p-value = 0.0008), and (HR: 1.13; CI: 1.06–1.21; p-value = 0.0005), respectively). 
Though, the interaction between CXCL10 and food allergy was only significant among children whose 
mothers were not atopic (p-value = 0.0009).77 However, it is important to consider that the breast milk 
was only sampled once from each mother, which may have impacted the immune components 
present.77 
On the other hand, in a multi-country (United Kingdom, Italy, and Russia) prospective birth 
cohort of 389 mothers and 337 infants,  Munblit et al.78 found that infants who were breastfed early 
breast milk, or colostrum, that contained measurable amounts of the protein IL13 had 0.1 times the 
odds of having a parent-reported food allergy at six months of age compared with infants who were not 
fed colostrum with detectable IL13 (CI: 0.01–0.83). However, based on skin-prick data to determine 
allergic sensitization, this relationship was not found.78 Unlike Berdi et al.77, Munblit et al.78 measured 
breast milk at two time points to help assess if any variability was present. However, no relationship was 
found between any maternal or environmental factors (e.g., maternal atopic status, infant gender, 
parity, and human milk cytokine detectability) and allergic sensitization in the infants at 12 months of 
age.78  
Although these studies included small sample sizes, they suggest that breast milk properties and 
proteins may play a role in food allergy development in children, especially during the first days of life. 
However, no systematic reviews or meta-analyses have been published that explore the relationship 
between breast milk composition and food allergies, therefore there is insufficient evidence to establish 
whether this relationship exists.  
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Timing of Allergen Introduction: 
Exclusive breastfeeding results in not introducing other foods which may also be of importance 
to the mechanisms of allergy development during early childhood. The timing that complementary 
foods are introduced, especially allergenic foods, was assessed in four prospective cohort studies and 
two systematic reviews and meta-analyses. Large sample sizes and availability of observational and 
experimental studies increase the quality of evidence on timing of allergen introduction. However, some 
studies include high-risk samples which reduce the generalizability of the evidence to the general 
population.  
Two prospective cohort studies did not find a significant impact of timing of allergen 
introduction on food allergy development in children. A prospective cohort study in the Netherlands of 
5202 children, aimed to study whether infant feeding practices such as timing (before 6 months vs. after 
6 months) had a prolonged impact on food allergy in children.79 The allergens that were studied included 
hen’s egg, cow’s milk, gluten, soy, tree nuts, and peanuts.79 Elbert et al.79 did not find any significant 
association between timing of allergen introduction  (before 6 months vs. after 6 months) and any 
physician-diagnosed food allergy, any allergic sensitization, or a combination of any food allergy and 
sensitization (all findings included the null value of 1).79   
Similarly, the Singaporean GUSTO prospective cohort, did not find any associations between 
timing of allergen introduction and food allergies. Tham et al.80 examined the impact of timing of 
allergenic food introduction on food allergy in infants among a cohort of 1152 mothers who had 
singleton births.80 Other than cow’s milk, most allergens such as shellfish, peanuts, and eggs were 
introduced later than 10 months of age, highlighting a late introduction.80 Although these allergens were 
introduced so late, food allergy prevalence within the cohort was very low, 2.9% at 12 months of age 
and dropping down to 1.5% at 48 months (p<0.001).80 Tham et al.80 could not identify a trend in cow’s 
milk, peanut, and shellfish introduction and allergies because food allergy prevalence was very low 
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within this cohort.80 Additionally, the researchers did not find a statistically significant relationship 
between introducing eggs after 10 months of age (among healthy and high-risk infants) and the 
presence of a food allergy at 12 and 24 months ((OR: 0.87; CI: 0.22–3.43; p-value = 0.84) and (OR: 1.35; 
CI: 0.15–12.23; p-value = 0.79), respectively).80 However, they did discover that egg sensitization at 18 
months was more common among the infants who did not receive an egg until after 10 months of age 
(p-value = 0.01).80 This association was not seen when looking at milk and peanut sensitization at 18 
months (p-value = 0.73 and p-value = 0.74, respectively), or when looking at egg, milk, or peanut 
sensitization at 36 months (p-value = 0.27, p-value = 0.54, and p-value = 0.42, respectively).80 The low 
levels of food allergy found in this cohort may suggest that food allergy recommendations may not be as 
protective in areas that have a low food allergy prevalence, however this small sample size makes it 
difficult to make this conclusion.80 In addition, the authors treated breastfeeding as a confounder, thus it 
was adjusted for, however Tham et al.80 did not find any association between breastfeeding status at six 
months and food allergies. Since the food allergy prevalence is so low, a larger sample size might be 
needed to detect any potential association. 
Another prospective cohort study and one systematic review / meta-analysis found links 
between the timing of introduction of many allergens and food sensitization in infants. In a longitudinal 
prospective Canadian birth cohort, with a sample of 2124 children, Tran et al.81 reported that when 
peanuts, eggs, and cow’s milk were avoided during the first 12 months, the risk of allergen-specific 
sensitization at 12 months increased ((OR: 1.76; CI: 1.07–3.01) (OR: 1.89; CI: 1.25–2.80), and (OR: 3.69, 
CI: 1.37–9.08), respectively). Peanut-specific sensitization and egg-specific sensitization stayed 
significant even when high-risk children with atopic dermatitis were excluded ((OR: 2.65; CI: 1.06–7.78) 
and (OR: 2.50; CI: 1.19–5.09), respectively).81 Last, avoiding eggs and peanuts during the first year of life 
also increased overall peanut or egg or milk sensitization in the infants (OR: 2.03; CI: 1.44–2.82) and (OR: 
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1.49: CI: 1.07–2.10), respectively), even when high-risk children were excluded (Eggs OR: 2.41; CI: 1.35–
4.24).81 
Data from a recently published systematic review and meta-analysis confirms the relationship 
between timing of allergen introduction and food sensitization in higher income countries.82 According 
to Burgess et al.82, multiple cohort studies (n = 3) found evidence that later introduction (≥ 4 months) 
increased food sensitization risk compared with earlier introduction (< 4 months) (OR: 1.93; CI: 1.57–
2.38).83,84,85 The allergens studied included peanuts, cow’s milk, hen’s egg, fish, wheat, rye, and 
soy.83,84,85 This finding does not align with current breastfeeding recommendations43,44, however the 
limited number of observational studies that support this evidence makes it difficult to make a definite 
case to update all allergen guidelines. That being said, this finding does align with recent changes to 
food allergen recommendations.57 
On the other hand, another prospective study and two systematic reviews / meta-analyses 
found a protective effect of earlier introduction only for certain food allergens. In a Taiwanese 
prospective cohort study of 272 infants, Hua et al.86 did not find a difference in overall IgE sensitization 
risk at 12 months of age among infants who were introduced to allergens before 6 months or between 
6–12 months (OR: 0.83; CI: 0.54–1.27; p-value= 0.441). Similarly, IgE levels, which indicate sensitization, 
were not significantly different when examining early (< 6 months) versus late (≥ 6–12 months) 
allergenic food introduction (p-value = 0.294).86 However, infants who were not introduced to egg 
whites or egg yolks by the time they were 12 months old had higher odds of developing an IgE 
sensitization at age 1 ((OR: 1.41; CI: 1.11–1.79; p-value = 0.002) and (OR: 1.26; CI: 1.07–1.48; p-value = 
0.002), respectively).86 These findings suggest that the timing of introduction of certain allergens, such 
as eggs, may impact food sensitization in infants, which could be a precursor for food allergy 
development.86  
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The two most recently published systematic reviews and meta-analyses examining timing of 
complementary and allergen food introduction and food allergies, reveal that RCTs provide the 
strongest evidence for when to introduce certain allergenic foods to infants.82,87 Though cohort studies 
provided evidence on timing of allergen introduction and allergic sensitization, Burgess et al.82 
discovered that cohort studies88,89,90 (n = 3) did not provide any evidence that offering solid foods after 4 
months of age increased food allergy risk compared with introducing these foods before 4 months of 
age. Similarly, in another systematic review and meta-analysis, Obbagy et al.87 determined that the 
timing of complementary food introduction is not related to the risk of developing a food allergy during 
childhood, based on moderate evidence from the NESR Grading Rubric, due to heavy reliance on 
observational studies and sample sizes ranging from 123 to 1383 participants. However, when looking at 
specific allergens the evidence shows a different picture. There is convincing evidence from RCTs, such 
as the Learning Early about Peanut Allergy (LEAP) study58 and Enquiring about Tolerance Trial (EAT) 
study91, that early peanut introduction (between 4–11 months) reduces peanut allergy risk among 
children.82,87 This finding is valid for all infants, but it is especially true for infants that are at a high risk 
for developing an allergy.87 Similarly, introducing eggs between 4–6 months of age, is protective against 
egg allergy and egg sensitization, based on moderate evidence from the Beating Egg Allergy Trial 
(BEAT)92, Starting Time of Egg Protein Trial (STEP)93, Enquiring about Tolerance Trial (EAT)91,  Prevention 
of Egg Allergy with Tiny Amount Intake Study (PETIT)94, Hen’s Egg Allergy Prevention Study (HEAP)95, and 
three older RCTs96,97,98.82,87 Unfortunately, there is insufficient or limited evidence to determine the true 
effect of the timing of introduction of foods such as cow’s milk products, fish, soybean, wheat, fruit, 
vegetable, chocolate, meat, and rice as well as the impact of infant dietary patterns, such as consuming 
only “healthy” foods.87 When reviewing these results, it is important to keep in mind that healthy and 
high-risk samples were utilized living in high or very high human development index countries.82,87 
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Based on these findings, early allergen introduction may be protective against food allergies and 
food sensitization. However, recent systematic reviews / meta-analyses highlight that though food 
sensitization may be impacted by timing of allergen introduction, food allergy evidence only exists for 
certain allergens.82,87 Thus, feeding recommendations can only be concluded for allergens such as 
peanuts and eggs, due to the availability of RCTs.  
Food Diversity: 
Consuming food allergens during infancy and developing a food allergy may be dose-
dependent9, thus it is important to explore the impact of a diverse diet. Food diversity was only explored 
in two prospective cohort studies and one systematic review and meta-analysis with conflicting results. 
The quality of evidence on this topic is reduced by the inconsistency in findings across studies.  
Within the previously mentioned Taiwanese prospective cohort study of 272 infants, Hua et al.86 
found that infants who consumed 3–4 allergenic foods or 5 or more allergenic foods before 12 months 
had a lower risk of IgE food sensitization compared to infants who only ate 0–2 allergenic foods ((OR 
0.62; CI: 0.40–0.93; p-value = 0.032)and (OR: 0.61; CI: 0.43–0.86; p-value = 0.012) respectively) . 
Additionally, Hua et al.86 found that infants who were introduced to 5 or more foods had significantly 
lower IgE levels, which are a marker of food sensitization/allergy, compared with infants who consumed 
3–4 allergens, or 0–2 allergens by age 1 (p-value = 0.049 and p-value = 0.014, respectively). 
However, in the previously mentioned prospective cohort of 5202 children from the 
Netherlands, Elbert et al.79 found that the number of allergens introduced (1,2, or 3 or more) by six 
months was not associated with any physician-diagnosed food allergy, any allergic sensitization, or a 
combination of any food allergy and sensitization at 10 years of age (all of the findings included the null 
value of 1). Thus, consuming up to 3 allergens before 6 months has no protective effect.79  
Similarly, looking at food introduction between 0–12 months, data from the most recently 
published systematic review and meta-analysis concludes that there is not enough evidence to show an 
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association between food allergy development and the diversity of foods consumed during the 
complementary feeding period.87  
Due to differences in timing of introduction, varying results, and limited evidence between 
studies, as evidenced by the systematic review and meta-analysis87, it is not possible to determine an 
association between allergen diversity and food allergy development in children.  
Discussion 
When evaluating food allergen studies, it is important to consider the food allergens measured, 
how the food allergy was assessed, the exposure time period, the generalizability of the sample, and the 
timing of the outcome. Though a plethora of food allergy studies have been conducted, strong or 
moderate evidence for allergen recommendations only exist for certain allergens such as peanuts and 
eggs. This evidence is based on RCTs, which are not available for all types of allergens. Thus, this 
literature review is constrained by certain limitations.  
Limitations of the Review: 
 Though this review aimed to provide a comprehensive overview of the most recent available 
studies, some older studies might have not been captured due to the small inclusion date range (2017–
2019). However, including the most recently published systematic review and/or meta-analysis on each 
feeding practice that was presented in this review, aimed to lessen this limitation. Other studies that 
might have not been captured by this review include those that were only published as abstracts. In 
addition, this review did not present all feeding practices, such as formula-feeding, and a wider range of 
maternal dietary patterns was not explored.   
Limitations of the Data: 
The studies included in this literature review assessed a variety of different food allergens and 
sensitizations. Some studies only focused on the risk of developing one allergen, such as egg73 or 
peanut,67 whereas others looked at many allergens, such as peanuts63,66,80,81,82,87, cow’s milk63,66,80,81, and 
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eggs.63,66,74,80,81,82,87  Conversely, a large number of studies were interested in overall allergen or 
sensitization risk.60,77,78,71,72,74,76,79,80,82,86,87 Since food allergen risk may differ by food, it was difficult to 
compare results across all studies.  
Within the studies that explored breastfeeding exclusivity and duration, the authors did not 
compare the same breastfeeding lengths. Breastfeeding exclusivity ranged from “more than 6 months 
versus less than 6 months,”71 “exclusive for 4 months versus non-exclusive for 4 months,”72 to a 
continuous comparator variable.76 Whereas, breastfeeding duration ranged from “more than 6 months 
versus less than 6 months,”73 “less than 2 months, 2–4 months, 4–6 months, or 6 or more months,”72 or 
it was viewed as a continuous variable74 which could have impacted the results and associations. 
Similarly, except for one systematic review82 that captured the 4–6 month period, many of the studies 
on early allergen introduction defined early introduction as “before 6 months”, “0–6 months,” or “less 
than 4 months”.73,82,79,86,81 These larger time frames might fail to capture differences between smaller 
specific windows, such as the 4–6 month period which is frequently mentioned in worldwide 
recommendations.  
One of the main data limitations of the data are the inconsistencies in how the food allergy or 
sensitization was measured and determined across the studies. Studies ranged from parent-reported 
food allergy,78,87 physician-reported food allergy,77,82,79,72,60,87 the presence of symptoms post allergen 
ingestion,87 skin prick test,71,73,82,79,72,66,63,78,87,67,80,81 elimination diet,87 measuring IgE levels,71,82,66,86,87 to 
oral food challenge.82,66,74 Measures such as skin-prick test, oral food challenges, and IgE level 
measurements provide a more objective definition and consistent measure of food allergy and 
sensitivities, as opposed to parent-reports or even physician reports that may be incorrect and/or 
outdated. Parent-reporting can lead to non-differential misclassification which could result in a under-
estimation of the association between exposure and outcome.79,72 On the other hand, parents may also 
over-report food allergies if they classify a symptom such as a rash or abdominal pain as an allergy, that 
29 
 
has not been verified by a physician. This discrepancy makes it difficult to compare results across 
studies. Thus, it is problematic to determine if the changes seen are due to the change in measure or the 
variables evaluated. Unfortunately, some of the studies73,72,86,63,67,81 in this review were only able to 
assess food sensitization, rather than food allergy development. Though food sensitization may be 
predictive of a future food allergy, not all individuals with a food sensitization will develop a food 
allergy.81 Therefore, these studies may not accurately capture the impact of feeding practices on food 
allergy development.  
Another limitation is the difference in study population at the time the food allergy was 
assessed. Though the exposure occurred during pregnancy, lactation, or the complementary feeding 
period, the outcome was assessed from birth to childhood and even adulthood in some of the 
systematic reviews. Food allergy prevalence may differ by age group, thus some children that “out-
grew” their food allergy would no longer be captured by the study. Also, during this long time frame 
between exposure and outcome, many other factors could have also played a role in allergy 
development.  
Additionally, not all of the studies in this literature review are generalizable to the entire 
population. Some studies looked at populations with high-risk infants73,82,66,76,87,81,74 who have a higher 
likelihood of developing a food allergy, such as individuals who have another atopic disease or allergy or 
those who have a first degree relative with an allergy or sensistization.6 Thus, findings among a high-risk 
sample may not be applicable to the general population.  
Finally, it is important to consider that among the observational studies, there may be unknown 
variables, or confounders, that were not captured which would have impacted the results and 
associations found.72 For example, this review did not evaluate other potential risk factors such as 
formula consumption or vitamin D supplementation.9,10   
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Future Recommendations: 
 Based on recent reports that food allergy prevalence has been rising,1,2 it is recommended that 
future research continues to explore feeding practices and their impact on food allergy development in 
infants and children. There is a need for additional RCTs that study the development of food allergens 
other than peanuts and eggs. Particularly, some other common allergens such as cow’s milk, wheat, soy, 
and tree nuts.29 The AAP does not recommend delaying the introduction of any allergenic food beyond 
4–6 months,57 however RCTs might provide more information on specific windows of opportunity for 
food allergen introduction. In areas where food allergy prevalence is low, case-control studies can 
provide insightful data into possible exposures. Future studies should use objective measures to assess 
food allergies among infants and children, such as skin prick tests and oral food challenges, rather than 
parent-report. 
Since it may appear that breastfeeding recommendations (exclusivity from birth to 6 months)43 
may be at odds with food allergen recommendations,57 it should be reiterated that early introduction of 
complementary foods should only be recommended for food allergens, not all food groups, and 
introduction should be monitored by a health professional. With new recommendations for food 
allergens such as peanuts (introduction between 4–6 months for high-risk infants),57 breastfeeding 
recommendations may have to be modified for infants who have a high risk for developing a food 
allergy. However, allergen introduction and breastfeeding do not have to be mutually exclusive. 
Therefore, as allergenic foods are slowly introduced, breastfeeding may continue. Last, when conducting 
breastfeeding studies, duration and exclusivity are important factors to explore since they impact infant 
consumption and food exposures.15  
When performing food allergen studies, it is also important to consider the risk of the infant 
who is being assessed for a food allergy. For example, infants who have another atopic disease or a 
history of atopic disease in their family are at a higher risk of developing a food allergy,6 therefore the 
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level of risk will serve as a mediating variable that may influence the impact of a feeding practice or 
exposure. It is important to consider that allergenic food introduction has been linked with health 
benefits, such as a reduced risk of inhalant allergies and eczema.79 Though these benefits are beyond 
the scope of this review, they highlight the importance of future allergen studies.  
More research should also be conducted on the maternal diet. This is especially important if the 
mother is consuming allergenic foods during pregnancy and lactation. Breast milk composition could 
have implications for microbiome development, therefore additional findings could pave the way for 
new food allergy interventions. Even though the microbiome has been found to play a role in food 
allergy development,3-8 there is a lack of studies looking at the link between feeding practices, food 
allergies, and the microbiome. This research could provide new insights into potential food allergen 
recommendations and sensitive windows for intervention.  
Conclusion 
Maternal and infant feeding practices both play a role in food allergy development in children. 
However, not all studies provide conclusive evidence for all allergens. During pregnancy and lactation, 
mothers should not avoid consuming allergenic foods,57 since this will help expose the infant to those 
allergens in small doses. Breastfeeding recommendations set by the AAP and WHO (exclusive 
breastfeeding for the first 6 months of life43,44) should continue to be encouraged and followed. 
However, infants that are at high risk for developing an allergy should be monitored by a health 
professional and be introduced to age-appropriate forms of peanuts and eggs as early as 4 months of 
age if they appear developmentally ready. Other allergens should be introduced during the 
complementary feeding period, as early as 6 months.57 Future research should aim to discover new 
windows of introduction for other common allergens as a means of preventing food allergies in infants 
and children.  
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Table 2: Summary of feeding practices and food allergy research literature 
 Study Feeding Practice (Exposure) Sample Study Design Outcome Results External Validity 
Maternal 
Factors 
Kim et al.60, 
2019  
 
(Korea) 
Maternal dietary 
pattern during 
pregnancy 
 
Dietary patterns: 
Confectionary 
(breads, sweets, 
and high levels of 
trans fat), 
traditional, meat, 
processed, or 
coffee and milk 
diet 
1628 mother 
and infant pairs  
 
Mothers age:  
31-35 (dietary 
patterns were 
assessed when 
mothers were 
26 weeks 
pregnant 
through 
questionnaire) 
 
Infants age: 1 
year old 
Prospective 
birth cohort 
(Cohort for 
Childhood 
Origin of 
Asthma and 
Allergic 
Diseases 
(COCOA)) 
Food allergy in 
infant  
 
(focus on IgE-
mediated food 
allergies 
determined by 
questionnaire 
and pediatric 
allergy specialist 
assessment who 
determined this 
based on 
symptoms 
present) 
 Infants of mothers who 
ate a confectionary diet 
had 1.52 the odds of 
developing an infant 
food allergy (CI: 1.02–
2.15; p-value: 0.019) 
 Infants who were 
breastfed for more than 
six months by mothers 
who ate a confectionary 
diet had 1.79 times the 
odds of developing a 
food allergy (CI: 1.05–
3.05; p-value: 0.031) 
 Association between 
shorter breastfeeding 
duration and food 
allergy was not 
statistically significant 
(CI: 0.59–2.50; p-value: 
0.059) 
 Interaction between 
breastfeeding length 
and food allergy was not 
statistically significant  
(p-value: 0.374) 
 Infants who had CD14 
genetic variants were at 
a higher risk of 
developing a food 
allergy (if mother ate a 
Results may be 
generalizable to 
mothers and 
infants living in 
Korea and/or a 
similar Asian 
country and/or 
who are 
consuming 
similar dietary 
patterns 
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 Study Feeding Practice (Exposure) Sample Study Design Outcome Results External Validity 
confectionary diet) (OR: 
3.42; CI: 1.61–7.27; p-
value: 0.001; p-value of 
interaction: 0.015) 
 Higher risk of food 
allergy among infants 
with more than one 
GSTM1 or GSTT1 genetic 
variant (if mother ate a 
confectionary diet) ((OR: 
4.24; CI: 1.43–12.56; p-
value: 0.01; p-value of 
interaction: 0.048) and 
(OR: 4.26; CI: 1.55–
11.73; p-value: 0.01; p-
value of interaction: 
0.033), respectively) 
 Loo et al.63, 
2017 
 
(Singapore) 
Maternal dietary 
pattern during 
pregnancy 
 
Three dietary 
patterns 
identified: the 
“pasta, cheese, 
and processed 
meat (PCP)” diet, 
the “vegetable, 
fruit and white 
rice (VFR)” diet, 
and the “seafood 
1,237 healthy 
mothers 
(dietary 
patterns were 
assessed when 
mothers were 
26-28 weeks 
pregnant 
through 
interviews and 
24 recall)  
*no maternal 
age listed* 
 
Prospective 
birth cohort 
(Growing Up 
in Singapore 
Towards 
Healthy 
Outcomes 
(GUSTO)) 
 
 
Allergic disease, 
such as food 
sensitization, in 
the child by  
age 3 
 
(assessed by 
skin prick test at 
18 and 36 
months) 
 Infants of mothers who 
consumed the “seafood 
and noodles” diet had 
0.7 times the odds of 
developing food 
sensitization to peanuts, 
cow’s milk, and eggs at 
18 months and 36 
months of age ((CI: 0.5–
0.9) & (CI: 0.6–0.9)) 
 No associations 
between food allergy 
sensitization and other 
dietary patterns 
Results may be 
generalizable to 
mothers and 
infants living in 
Singapore and/or 
a similar Asian 
country and/or 
who are 
consuming 
similar dietary 
patterns 
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 Study Feeding Practice (Exposure) Sample Study Design Outcome Results External Validity 
and noodles 
(SfN)” diet 
  
 
735 infants and 
children (18 and 
36 months) 
 Pitt et al.67, 
2018 
 
(Canada) 
Peanut 
consumption 
while 
breastfeeding and 
timing of oral 
peanut exposure 
in infant 
 
324 families 
(mother- high 
genetic risk child 
– family history 
of allergic 
disease) 
 
Exposure: Birth 
to >12 months 
 
Outcome: 7 
years old 
Nested 
prospective 
cohort from 
Canadian 
Asthma 
Primary 
Prevention 
Study (CAPPS) 
Peanut 
sensitization in 
the child at 7 
years old 
(measured by 
skin prick test) 
 Combination of 
consuming peanuts 
during lactation and 
introducing peanuts into 
the infant’s diet (before 
12 months) was most 
protective against 
peanut sensitization 
(Ref OR: 1.0) 
 Infants of mothers who 
ate peanuts while 
breastfeeding but did 
not introduce peanuts 
to the infants by 12 
months had 8.2 times 
the odds of being 
sensitized to peanuts 
(CI: 1.0–65.8) 
 Infants who were 
introduced to peanuts 
by 1, but their mothers 
did not consume 
peanuts while 
breastfeeding, had 12.5 
times the odds of 
developing peanut 
sensitization (CI: 1.2–
131.3) 
Results may be 
generalizable to 
mothers 
consuming a 
similar allergen 
and infants at 
high risk of 
experiencing a 
food allergy in 
Canada and/or a 
similar North 
American and/or 
industrialized 
country 
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 Study Feeding Practice (Exposure) Sample Study Design Outcome Results External Validity 
 Not consuming peanuts 
while breastfeeding and 
not offering peanuts to 
the infant during the 
first year combined is 
not associated with 
peanut sensitization (CI: 
0.2–19.4)  
 Garcia-Larsen 
et al.66, 2018 
 
(Upper 
middle and 
higher 
income 
countries) 
Maternal diet 
during pregnancy 
and infant’s diet 
 
 
381 studies 
included in total 
* Diet during 
pregnancy and 
breastfeeding 
* Infant feeding 
practices (birth 
to 12 months) 
 
Sample: children 
and young 
adults (0-40 
years old) Age: 
0-4, 5-14, Older 
than 15 years 
(some children 
were high risk)  
 
Mix of 
experimental 
and 
observational 
studies 
 
Systematic 
review & 
meta-analysis 
Risk of 
autoimmune 
disease, allergic 
disease (food 
allergy 
determined by 
parent report, 
food challenge, 
or medical 
diagnosis), or 
allergic 
sensitization 
(measured by 
IgE levels or skin 
prick test) 
 No evidence to show 
that avoiding allergens 
during pregnancy and 
breastfeeding decreases 
allergic disease risk in 
children 
 Moderate evidence that 
maternal fish oil 
supplements taken 
during pregnancy and 
lactation reduce the risk 
of egg sensitization in 
infants at 1 year of age 
(RR: 0.69; CI: 0.53–
0.90)). Based on 
subgroup analysis, fish 
oil is more influential 
during pregnancy. (All 
RCTs conducted with 
high-risk infants). 
 Based on subgroup 
analysis, protective 
effect of fish oil (omega-
3 polyunsaturated fatty 
Results may be 
generalizable to 
healthy and high-
risk infants and 
mothers who 
consume similar 
foods, dietary 
patterns, or 
supplements 
while pregnant 
or breastfeeding 
and/or who live 
in an upper 
middle or higher 
income country 
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acid) supplementation 
during pregnancy on 
peanut sensitization in 
the child (RR: 0.62; CI: 
0.40–0.96)) 
 Weak evidence shows 
that maternal probiotic 
supplementation during 
pregnancy and lactation 
or infant probiotic 
supplementation 
reduces the child’s risk 
of cow’s milk 
sensitization at ages 1 
and 2 (RR: 0.60; CI: 
0.37–0.96)) (most 
infants in RCTs were 
high-risk infants)  
 No associations 
between probiotic 
supplementation with 
allergic sensitization of 
other allergens 
 No other probiotic or 
prebiotic links with any 
other “allergic 
outcomes” 
 No other associations 
between fish oil 
supplements (“omega-3 
polyunsaturated fatty 
acid supplementation”) 
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and allergic sensitization 
of other allergens 
 No other associations 
found between 
maternal 
supplementation and 
allergic outcomes 
 No association between 
breastfeeding and 
timing of 
complementary food 
introduction and food 
allergies or allergic 
sensitization 
 No association between 
vitamin 
supplementation and 
“other allergic diseases” 
 No link between 
maternal and infant 
dietary patterns and 
food allergy or allergic 
sensitization 
Infant 
Factors 
Alkazemi et 
al.71, 2018 
 
(Kuwait)  
Early feeding 
practices 
(breastfeeding, 
formula-feeding, 
timing of 
complementary 
feeding, vitamin 
D, and antibiotics)  
Sample: 258 
children 
(original 
sample) 
 
200 children 
included (100 
cases with 
allergist 
Case-control IgE-mediated 
food allergy in 
children 
(confirmed by 
an allergist 
through a skin 
prick test or IgE 
levels) 
 Younger children 
between 0-5 years of 
age had 2.8 times of 
having a food allergy 
compared with older 
children (CI: 1.2–6.4; p-
value = 0.016) 
 Infants that were 
exclusively breastfeed 
Results may be 
generalizable to 
infants living in 
Kuwait and/or a 
similar Middle-
Eastern country 
and/or who are 
breastfed for a 
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confirmed food 
allergy, 100 
controls without 
food allergy – 
healthy 
controls) 
 
Age groups:  
< 2 years old,  
2-5 years old,  
> 5 years old 
 
Age: 0 -13 years 
old 
for more than 6 months 
had 15.55 times the 
odds of have a food 
allergy (CI: 3.26–74.19; 
p-value = 0.001) 
 Children who did not 
receive enough Vitamin 
D during infancy had 
5.42 times the odds of 
having a food allergy (CI: 
1.92–15.30; p-value = 
0.001) 
 Infants who were 
exposed to antibiotics 
by the time they were 
12 months old had 5.00 
times the odds of having 
a food allergy (CI: 1.58–
15.84; p-value = 0.006) 
 Cow’s milk (56%) and 
egg allergies (48%) most 
common (peanuts 
35.4% and tree nuts 
46%) 
 No other significant 
associations between 
feeding practice and 
food allergy 
development 
similar length of 
time  
 Bedolla-
Barajas et 
al.73, 2018 
Breastfeeding 
duration and 
Sample: 194 
high-risk 
children (2 to 5 
Case-control Egg-
sensitization in 
the child 
 Infants who were 
breastfeed for six or 
more months had 5.54 
Results may be 
generalizable to 
high-risk infants 
39 
 
 Study Feeding Practice (Exposure) Sample Study Design Outcome Results External Validity 
 
(Mexico) 
timing of cow’s 
milk introduction 
 
years old who 
have another 
atopic disease 
(ex: asthma)) 
 
97 cases  
(have egg 
sensitization)  
 
97 controls  
(no egg 
sensitization) 
 
Both cases and 
controls had at 
least one 
reaction to an 
environmental 
allergen 
(determined by 
skin prick test to 
egg yolk or egg 
white) 
times the odds of having 
a chicken’s egg protein 
sensitization (CI: 2.41–
12.7; p-value < 0.0001) 
 Infants who were 
introduced to whole 
cow’s milk at six months 
or later had 0.16 times 
the odds of being 
sensitized to eggs (CI: 
0.07–0.36; p-value < 
0.0001) 
 Infants who were 
introduced to solid 
foods at four months of 
age or later had 7.68 
times the odds of having 
egg sensitization, 
compared with infants 
who received solid 
foods before four 
months of age, but 
these findings were not 
statistically significant 
(CI: 0.85–69.19; p-value 
= 0.07) 
 Other factors such as 
timing of solid food 
introduction and timing 
of fish / seafood 
introduction were not 
statistically significant  
living in Mexico 
and/or a similar 
Hispanic country 
and/or who are 
breastfed for a 
similar length of 
time 
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 Elbert et 
al.72, 2017 
 
(The 
Netherlands) 
Breastfeeding 
duration and 
exclusivity 
 
 
  
Sample: 5,828 
mother-child 
pairs 
 
Age: 9.7 years 
old (median 
age) 
Prospective 
population-
based birth 
cohort 
Allergic 
sensitization 
(peach, cashew 
nut, peanut, and 
hazelnut, 
measured by 
skin prick test), 
food allergy 
(determined by 
questionnaire 
asking about 
doctor-reported 
allergy), or 
inhalant allergy 
at 10 years old 
 Breastfeeding duration 
(<2 months, 2-4 months, 
4-6 months, 6 or more 
months REF) was not 
associated with 
physician-reported food 
allergy (OR: 1.54; CI: 
0.71–3.32), (OR: 1.53; 
CI: 0.69–3.39), (OR: 
1.08; CI: 0.39–3.01) and 
allergic food 
sensitization (OR: 1.05; 
CI: 0.62–1.76), (OR: 
1.26; CI: 0.75–2.12), 
(OR: 0.57; CI: 0.29–1.13) 
in children at 10 years 
old 
 Breastfeeding 
exclusivity (exclusive for 
4 months REF vs. non-
exclusive for 4 months) 
was not associated with 
physician-reported food 
allergy (OR: 0.76; CI: 
0.41–1.40) and allergic 
food sensitization in 
children at 10 years old 
(OR: 1.38; CI: 0.88–2.14) 
 Ever breastfeeding 
(never vs. ever 
breastfed REF) was not 
associated with 
Results may be 
generalizable to 
infants living in 
The Netherlands 
and/or a similar 
European 
country and/or 
are breastfed for 
a similar length 
of time 
(exclusively or 
non-exclusively) 
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physician-reported food 
allergy (OR: 0.83; CI: 
0.30–2.29) and allergic 
food sensitization (OR: 
0.83; CI: 0.42–1.66) in 
children at 10 years old 
 van Ginkel et 
al.74, 2018 
 
(The 
Netherlands) 
Breastfeeding 
(versus feeding 
with a bottle) and 
breastfeeding 
duration  
 
Sample: 649 
high-risk 
children 
(suspected of 
having an 
allergy) 
 
Age: 5 months 
to 17 years old 
(median age 
was 5 years old) 
Retrospective 
cohort 
Food allergy and 
food 
sensitization 
(peanut, cashew 
nut, hazelnut, 
hen’s egg, and 
cow’s milk) of 
the child 
measured by 
double-blind 
placebo-
controlled food 
challenge (best 
method for 
measuring food 
allergies) Food 
allergy = at least 
one positive 
reaction to 
DBPCFC 
 Among breastfed infants 
(n = 492), infants who 
were breastfeed for an 
additional month had 
0.96 times the odds of 
having a food allergy (CI: 
0.93–0.99; p = 0.02) 
(equal to a decreased 
risk of food allergy by 
about 4%) 
 Most common allergies 
were peanut (51.5%) 
and cow’s milk 41.6%) 
 No association between 
breastfeeding duration 
and food sensitization 
(OR: 1.02; CI: 0.97–1.07; 
p-value = 0.49) 
 Breastfeeding duration 
was associated with 
hen’s egg allergy, but no 
other foods (OR: 0.91; 
CI: 0.83–0.99; p-value = 
0.03) 
 No differences in food 
allergy prevalence (OR: 
Results may be 
generalizable to 
high-risk infants 
living in The 
Netherlands 
and/or a similar 
European 
country and/or 
are being 
breastfed for a 
similar length of 
time 
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1.24; CI: 0.85–1.79; p-
value = 0.27) and food 
sensitization (OR: 0.98; 
CI: 0.58–1.68; p-value = 
0.95) prevalence among 
breastfed versus only 
bottle-fed infants 
 Güngör et 
al.76, 2019 
 
(High and 
very high 
human 
development 
index 
countries) 
Ever feeding 
human milk, the 
duration of 
breastfeeding, 
exclusivity of 
breastfeeding, 
and intensity of 
human milk 
feeding 
 
73 articles out 
of 31,335 
articles (heavy 
reliance on 
observational 
studies) 
 
Exposure age: 
Birth to 24 
months (healthy 
and high-risk 
children) 
 
Outcome age: 
Birth to 
adulthood (>17 
years old) 
 
Systematic 
review  
Development of 
food allergies 
(and asthma, 
atopic 
dermatitis, 
allergic rhinitis) 
 
(food allergy not 
defined in 
systematic 
review) 
 No evidence to suggest 
that there is a 
relationship between 
the amount of human 
milk fed to mixed-fed 
infants and food 
allergies 
 No evidence to show a 
relationship between 
the amount of human 
milk fed, whether from 
the breast or bottle, and 
food allergies 
 Not enough evidence to 
determine whether ever 
receiving breast milk 
versus never receiving 
breast milk is related to 
food allergy 
development 
throughout the life 
 Lack of evidence to 
show whether 
breastfeeding duration 
is associated with food 
Results may be 
generalizable to 
healthy and high-
risk mothers and 
infants living in 
countries with 
high or very high 
human 
development 
index and/or are 
breastfeeding for 
a similar length 
of time and/or 
with a similar 
intensity 
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allergy development 
within one’s life 
 Insufficient evidence to 
show an association 
between duration of 
breastfeeding before 
formula-feeding and 
food allergies 
 Not enough evidence to 
show an association 
between duration of 
breastfeeding exclusivity 
before receiving infant 
formula and food 
allergies within one’s life 
 Berdi et al.77, 
2019  
 
(France) 
Immune 
components of 
breast milk 
(breast milk 
collected on days 
2 to 6 post birth) 
(sampled once) 
 
 
 
 
Eden: 2002 
women 
 
150 mother-
child pairs 
randomly 
selected from 
each center 
(down to 139 
and 133 from 
each) 
 
Sub-cohort: 272 
mother-child 
pairs in total 
(randomly 
EDEN 
prospective 
birth cohort & 
nested case-
control study 
(sub-cohort 
with cases) 
Food allergy in 
the child 
 
Allergy 
determined 
between ages 0 
to 5 (parent 
report of 
whether child 
has a physician-
diagnosed food 
allergy)  
 
 Larger amounts of 
CXCL10 (HR: 1.02; CI: 
1.01–1.04; p-value = 
0.0001), IL-2 (HR: 1.06; 
CI: 1.03–1.09; p-value = 
0.0008), and TNFβ (HR: 
1.13; CI: 1.06–1.21; p-
value = 0.0005) in early 
breast milk were 
associated with food 
allergy in children within 
the first five years of life 
 The interaction between 
CXCL10 and food allergy 
was only significant 
among children whose 
mothers were not 
Results may be 
generalizable to 
mothers and 
infants living in 
France and/or a 
similar European 
country and/or 
who have a 
similar breast 
milk composition 
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selected from 
two centers) 
 
Additional 
cases: 46 from 
one center 
(have FA) in 
total 72 cases 
have FA 
 
Total sub-
cohort: 318 
atopic (p-value of the 
interaction = 0.0009) 
 
 Munblit et 
al.78, 2017 
 
(United 
Kingdom, 
Italy, and 
Russia) 
Immune 
components of 
early (colostrum) 
and mature breast 
milk 
 
Atopic 
sensitization was 
tested by skin 
prick test (for 
foods such as 
cow’s milk, egg, 
hazelnut, and 
peanut, pet 
allergens, and 
environmental 
allergens) 
 
 
389 mothers 
included in the 
sample (general 
population)  
 
Colostrum was 
measured in the 
first 6 days after 
birth 
 
Mature breast 
milk was 
measured 
between 4-6 
weeks after 
birth (collected 
at home) 
 
337 infants 
evaluated for 
Prospective 
birth cohort  
Health outcome 
(food allergy or 
food sensitivity) 
of the infants at 
6 and 12 
months (6 
months for food 
allergy / 
sensitivity) 
 
(Parent-
reported food 
allergy) 
 
(Skin prick test 
was 
administered for 
allergic 
sensitization - 
for foods such 
 Infants who were 
breastfed colostrum 
that contained 
measurable amounts of 
the protein “IL13” had 
0.1 times the odds of 
having a parent-
reported food allergy at 
6 months of age (CI: 
0.01–0.83) 
 No relationship found 
between any maternal 
or environmental 
factors and allergic 
sensitization in the 
infants (include food, 
pet, and environmental 
allergens), but there 
was only a sample size 
of 14 children 
Results may be 
generalizable to 
mothers and 
infants living in 
United Kingdom, 
Italy, and Russia 
and/or other 
similar European 
countries and/or 
who have a 
similar breast 
milk composition 
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food allergy / 
sensitivity / 
intolerance 
as cow’s milk, 
egg, hazelnut, 
and peanut, pet 
allergens, and 
environmental 
allergens)   
 Allergic sensitization 
was most common in 
Italy (20%), while 
parent-reported food 
allergy was most 
common in Russia (49%) 
 For Russia and Italy 
there was no link 
between the country 
that the breast milk was 
collected in and the 
parent-reported food 
allergy (OR: 2.07; CI: 
0.47–9.02) & (OR: 0.13; 
CI: 0.01–1.46) 
 Elbert et 
al.79, 2017 
 
(The 
Netherlands) 
Timing of allergen 
introduction 
(before 6 months 
or after 6 months) 
and the diversity 
of the foods 
provided (0,1, 2, 
3, or more) 
 
 
 
 
Sample: 5202 
children 
 
Age of 
exposure: 
infancy (within 
the 1st year) 
 
Age of outcome: 
10 years old 
Prospective 
cohort 
(population-
based) 
Food allergy in 
the child at age 
10 (hen’s egg, 
cow’s milk, 
gluten, soy, tree 
nuts, and 
peanuts) 
(sensitization 
measured by 
skin prick test) 
and parent 
report of 
physician-
diagnosed food 
allergy through 
questionnaire 
 No significant 
association between 
timing of allergen 
introduction and any 
physician-diagnosed 
food allergy ((Hen’s Egg: 
OR: 0.83; CI: 0.32–2.13), 
(Cow’s Milk: OR: 1.44; 
CI: 0.76–2.73), (Gluten: 
OR: 0.65; 0.36–1.18), 
(Soy: OR: 1.39; 0.72–
2.68), (Tree Nuts: OR: 
2.43; 0.47–12.45), and 
(Peanut: OR: 2.55; 0.67–
9.67)), any allergic 
sensitization (Hens Egg: 
OR: 1.06; 0.61–1.85), 
Results may be 
generalizable to 
infants living in 
The Netherlands 
and/or a similar 
European 
country and/or 
who are 
consuming 
similar allergens 
at a similar age 
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(Cow’s Milk: OR: 0.76; 
0.50–1.17), (Gluten: OR: 
0.71; 0.48–1.06), (Soy: 
OR: 0.91; 0.57–1.45), 
(Tree Nuts: OR: 0.63; 
0.09–4.34), and (Peanut: 
OR: 1.68; 0.69–4.10)), or 
a combination of any 
food allergy and 
sensitization 
 Non-significant findings 
were true among all 
three groups: [“Any 
allergic sensitization, 
but no allergy” ((Hen’s 
Egg: OR: 1.12; CI: 0.82–
1.52), (Cow’s Milk: OR: 
0.89; CI: 0.71–1.12), 
(Gluten: OR: 0.93; CI: 
0.76–1.14), (Soy: OR: 
1.00; CI: 0.77–1.28), 
(Tree Nuts: OR: 1.04; CI: 
0.46–2.33), and (Peanut: 
OR: 0.67; CI: 0.36–
1.25))], [“No allergic 
sensitization, but any 
allergy,” ((Hen’s Egg: 
OR: 0.48; CI: 0.11–2.17), 
(Cow’s Milk:  OR: 0.55; 
CI: 0.24–1.24), (Gluten: 
OR: 0.45 (0.20–1.02), 
(Soy: OR: 1.24; CI: 0.50–
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3.05), (Tree Nuts: N.A.), 
and (Peanut: N.A.)), and 
[“Any allergic 
sensitization and any 
allergy” ((Hen’s Egg: OR: 
0.86; CI: 0.52–1.43), 
(Cow’s Milk: OR: 0.84; 
CI: 0.61–1.14), (Gluten: 
OR: 0.95; CI: 0.72–1.27), 
(Soy: OR: 1.15; CI: 0.82– 
1.60), (Tree Nuts: OR: 
1.08; CI: 0.26–4.49)), 
and (Peanut: OR: 0.83; 
CI: 0.39–1.78))] 
 The number of allergens 
introduced (1,2, or 3 or 
more) by 6 months did 
not influence any 
physician-diagnosed 
food allergy ((OR: 1.56; 
CI: 0.73–3.32)), (OR: 
0.77; CI: 0.33–1.82)), 
(OR: 1.56; CI: 0.63–
3.86)) p-value for trend 
= 0.92)), any allergic 
sensitization ((OR: 0.90; 
CI: 0.53–1.53), (OR: 
0.76; CI: 0.44–1.32), 
(OR: 0.69; CI: 0.36–1.31) 
p-value for trend= 
0.18)), or a combination 
of any food allergy and 
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sensitization ((“Any 
allergic sensitization, 
but no allergy” (1 food 
OR: 0.84; CI: 0.63–1.12), 
(2 foods OR: 0.82; CI: 
0.61–1.10), (≥ 3 foods 
OR: 0.88; CI: 0.62–1.23), 
p-value for trend = 0.27)  
“No allergic 
sensitization, but any 
allergy,” (1 food OR: 
0.54; CI: 0.20–1.47), (2 
foods OR: 0.48; CI: 0.17–
1.37), (≥ 3 foods OR: 
0.30; CI: 0.08–1.12), p-
value for trend = 0.55) 
and “Any allergic 
sensitization and any 
allergy” (1 food OR: 
0.88; CI: 0.59–1.32), (2 
foods OR: 0.89; CI: 0.59–
1.35)), (≥v3 foods OR: 
0.88; CI: 0.54–1.43), p-
value for trend = 0.63)) 
 Breastfeeding duration 
and a history of cow’s 
milk allergy during the 
first year of life did not 
have a modifying effect 
on any of the studied 
relationships 
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 Tham et al.80, 
2018 
 
(Singapore) 
 
 
Timing of solid 
food introduction 
 
For foods such as 
eggs, early 
introduction was 
defined as before 
10 months and 
late introduction 
was defined as 
after 10 months 
 
Sample: 1152 
women were 
recruited (who 
had a singleton 
birth) 
 
922 participants 
at the beginning 
of study  
 
Age: Birth to 48 
months 
Population-
based 
prospective 
cohort 
(longitudinal 
assessment) 
 
(Growing Up 
in Singapore 
Towards 
Healthy 
Outcomes 
(GUSTO)) 
IgE-mediated 
food allergy 
development in 
the child 
(measured by a 
history of IgE-
mediated 
reaction and a 
skin prick test at 
18 and 36 
months)  
 
(peanut, egg 
yolk, egg white, 
and cow’s milk 
included) 
 Other than cow’s milk, 
most allergens such as 
shellfish, peanuts, and 
eggs were introduced 
later than 10 months of 
age, highlighting a late 
introduction 
 Despite this, food 
allergy prevalence 
within the cohort was 
very low, 2.9% at 12 
months and 1.5% at 48 
months, even though 
many foods were 
introduced late (after 10 
months) (p<0.001) 
 No association between 
the timing of peanut 
and shellfish 
introduction and food 
allergy in the children 
 The relationship 
between introducing 
eggs after 10 months of 
age and the presence of 
a food allergy at 12 and 
24 months was not was 
not statistically 
significant (OR: 0.87; CI: 
0.22–3.43; p-value = 
0.84) and (OR: 1.35; CI: 
Results may be 
generalizable to 
infants living in 
Singapore and/or 
a similar Asian 
country and/or 
who are 
introduced to 
similar allergens 
at a similar age 
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0.15–12.23; p-value = 
0.79) 
 Egg sensitization at 18 
months was more 
common among the 
infants who did not 
receive an egg until 
after 10 months of age 
(p-value =0.01). Not 
statistically significant at 
36 months (p-value 
=0.27). Not statistically 
significant for milk and 
peanuts at 18 months 
(p-value = 0.73 and p-
value = 0.74, 
respectively) and 36 
months (p-value = 0.54, 
and p-value = 0.42, 
respectively 
 No significant findings 
for cow’s milk, due to a 
very small sample size. 
 Breastfeeding status at 
6 months was not 
associated with food 
allergy development in 
the infant 
 Tran et al.81, 
2017 
 
(Canada) 
Timing of 
introduction of 
peanuts, eggs, and 
milk 
Sample: 3495 
pregnant 
women 
recruited 
Prospective 
birth cohort 
(longitudinal 
study)  
Food 
sensitization at 
12 months 
 Infants who did not 
receive eggs by the time 
there were 1 had 2.03 
times the odds of 
Results may be 
generalizable to 
infants living in 
Canada and/or a 
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Early introduction 
was defined as 0-6 
months, usual 
introduction was 
defined as 7-12 
months, and late 
introduction was 
defined as after 
12 months 
(general 
population) 
 
2,124 children 
 
Age: 9 months 
to 18 months 
 
(Canadian 
Healthy Infant 
Longitudinal 
Development 
(CHILD) birth 
cohort) 
(measured by 
skin prick test) 
 
(allergen 
specific 
sensitization as 
well as overall 
peanut, egg 
white, and 
cow’s milk 
sensitization) 
 
 
developing a 
sensitization to either 
egg white, peanuts, or 
cow’s milk (CI: 1.44–
2.82). Even when high-
risk children were 
excluded (OR: 2.41; CI: 
1.35–4.24) 
 Infants who did not eat 
peanuts by 12 months, 
had 1.49 times the odds 
of being sensitized to 
“any of” peanuts, egg 
whites, and cow’s milk 
(CI: 1.07–2.10) 
 Infants who received 
cow’s milk while they 
were 0-6 months had 
0.29 times the odds of 
developing a cow’s milk 
sensitization (CI: 0.10–
0.70) 
 Infants who did not 
receive cow’s milk 
during their first year of 
life had 3.69 times the 
odds of developing 
cow’s milk sensitization 
(CI: 1.37–9.08) 
 Infants who did not eat 
egg by 12 months, had 
1.89 times the odds of 
similar North 
American 
country and/or a 
similar 
industrialized 
country and/or 
are exposed to 
similar allergens 
at a similar age 
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developing egg white 
sensitization (CI: 1.25–
2.80) 
 Infants who did not eat 
peanuts by 12 months 
had 1.76 times the odds 
of peanut sensitization 
(CI: 1.07–3.01) 
 Peanut-specific 
sensitization and egg-
specific sensitization 
stayed significant even 
when high-risk children 
with atopic dermatitis 
were excluded ((OR: 
2.65; CI: 1.06–7.78) and 
(OR: 2.50; CI: 1.19–
5.09), respectively) 
 Delaying allergen 
introduction past 12 
months increased the 
risk of sensitization for 
peanuts (OR 1.95 CI: 
1.19–3.12), egg whites 
(OR 1.67 CI: 1.10–2.50), 
and any peanut, egg 
white, or cow’s milk (OR 
1.78 CI: 1.26–2.49) 
 Hua et al.86, 
2017 
 
(Taiwan) 
Infant feeding 
practices 
(introduction of 
diverse foods: 
Sample: 272 
children 
 
Prospective 
cohort 
IgE sensitization 
at 12 months 
(measured by 
 No difference in IgE 
sensitization risk at 12 
months of age among 
infants who were 
Results may be 
generalizable to 
infants living in 
Taiwan and/or a 
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fish, shellfish, 
fruits, peanuts, 
egg yolk, and egg 
white) 
 
Outcome: At 
age 1 
blood test: IgE 
level)  
introduced to allergens 
early (before 6 months) 
or late (6-12 months) 
(OR: 0.83, CI: 0.54–1.27; 
p-value = 0.441) 
 IgE levels were not 
significantly different 
when examining early (< 
6 months) versus late (≥ 
6–12 months) allergenic 
food introduction (p-
value = 0.294) 
 Infants who were not 
introduced to egg 
whites by the time they 
were 12 months old had 
1.41 times the odds of 
developing an IgE 
sensitization (CI:1.11–
1.79; p-value = 0.002) 
 Infants who were not 
introduced to egg yolks 
by the time they were 1 
year old had 1.26 times 
the odds of developing 
an IgE food sensitization 
(CI: 1.07–1.48;  
p-value = 0.002) 
 Infants who consumed 
3-4 allergenic foods 
before 12 months had 
0.62 times the odds of 
similar Asian 
country and/or 
who consume 
similar allergens 
at a similar age 
and/or similar 
quantities of 
allergens 
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IgE sensitization (CI: 
0.40–0.93, p-value = 
0.032) 
 Infants who ate 5 or 
more allergenic foods 
before 12 months of age 
had 0.61 times the odds 
of having allergen-
specific IgE food 
sensitization (CI: 0.43–
0.86, p-value = 0.012) 
 Infants who were 
introduced to 5 or more 
foods had significantly 
lower IgE levels, which 
are a marker of food 
sensitization/allergy, 
compared with infants 
who consumed 3-4 
allergens p-value = 
0.049, or 0-2 allergens 
(p-value = 0.014) 
 Fecal immune markers 
(fecal sIgA and fecal 
ECP) did not significantly 
differ among infants 
who had an IgE 
sensitization (p-value = 
0.498 and p-value = 
0.125, respectively) 
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 Obbagy et 
al.87, 2019 
 
(High and 
very high 
human 
development 
index 
countries) 
Timing of 
complementary 
foods introduction 
 
Diet diversity & 
diet patterns 
 
Peanut, egg, cow’s 
milk, soy, wheat, 
and non-allergen 
exposure 
 
 
31 studies 
(timing) 
 
39 studies 
(types and 
amounts of 
complementary 
foods) 
 
12 studies  
(diet diversity) 
 
2 studies  
(diet patterns) 
 
14 studies 
(peanuts, tree 
nuts, and seeds) 
 
28 studies (egg) 
24 studies (fish) 
 
16 studies 
(cow’s milk)  
 
18 studies 
(wheat)  
 
4 studies (soy) 
 
7 studies 
(grains) 
Systematic 
review & 
meta-analysis  
 
 
Food allergy 
development in 
the infant or 
toddler exposed 
to the infant 
feeding 
variables (onset 
of outcome 
birth to 18 years 
old) 
 
(Food allergy 
defined as food 
sensitization 
measured by 
skin-prick test 
and IgE levels, 
parent-report, 
physician-
report, 
elimination diet, 
and presence of 
symptoms after 
eating) 
 
 
 
 No relationship between 
timing of 
complementary food 
introduction and food 
allergy  
 Moderate evidence that 
peanut and egg 
introduction (<4 months 
<12 months) is 
protective 
 Insufficient evidence to 
state whether fish, 
soybean, and wheat 
introduction is related 
to food allergy 
development 
 Limited evidence that 
timing of cow’s milk 
introduction is not 
associated with food 
allergy 
 Limited evidence that 
timing of other foods 
during infancy is not 
associated with food 
allergy  
 Not enough evidence to 
show a relationship 
between diet diversity 
and dietary patterns in 
infancy and food allergy 
Results may be 
generalizable to 
healthy and high-
risk infants living 
in very high or 
high human 
development 
index countries 
and/or infants 
who were 
introduced to 
similar allergens 
at a similar age 
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15 studies 
(fruits and 
vegetables) 
 
12 studies 
(meat) 
 
Age of 
exposure: Birth 
to 24 months 
(healthy and 
high-risk) 
 
Age of outcome: 
Birth to 18 years 
old 
 
 Burgess et 
al.82, 2019 
 
(High income 
countries) 
Timing of 
allergens and non-
allergen 
introduction 
during the 
complementary 
feeding period 
 
 
 
25 studies 
“qualitative 
synthesis” 
 
16 studies 
(meta-analysis) 
 
Exposure age: 
Infancy (healthy 
and high-risk) 
 
Outcome age: 
11 months to 5 
years 
Systematic 
review & 
meta-analysis  
Food allergy and 
food 
sensitization risk 
in the child 
 
(measured by 
skin prick test, 
IgE levels, oral 
food challenge, 
and physician-
reported food 
allergy) 
 Cohort studies (n = 3) 
did not provide any 
evidence that offering 
solid foods after 4 
months of age increased 
food allergy risk 
compared with 
introducing these foods 
before 4 months of age 
(OR: 1.22;CI: 0.76–1.96). 
This finding was similar 
(n = 2) when comparing 
4-6 month introduction 
Results may be 
generalizable to 
healthy and high-
risk infants living 
in a higher 
income country 
and/or who 
consume similar 
allergens at a 
similar age 
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to <4 months (OR: 1.01; 
CI: 0.64–1.60) 
 Cohort studies (n = 3) 
found evidence that 
later introduction (after 
4 months) increased 
food sensitization risk 
compared with earlier 
introduction (before 4 
months) (OR: 1.93; CI: 
1.57–2.38) This finding 
was similar (n = 3) when 
comparing 4-6 month 
introduction to <4 
months (OR: 2.46; CI: 
1.55–3.86) 
 RCTs confirmed that 
introducing eggs to 
infants between 4-6 
months of age reduced 
the risk of subsequent 
egg allergy (OR: 0.76; CI: 
0.61–0.95) and egg 
sensitization (OR: 0.63; 
CI: 0.44–0.90) at age 1 
 RCTs showed that early 
peanut introduction 
(between 4-11 months -
LEAP and 3 months - 
EAT) reduces peanut 
allergy (OR: 0.28; CI: 
0.14–0.57) risk among 
58 
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children (measured 
between age 1-3 or 5 
years) 
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